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ABSTRACT
DI5TRACTIBILITY IN SCHIZOPHRENIA:
THE EFFECTS OF STIMULUS MODALITY, TASK DIFFICULTY, AND PRACTICE
FEBRUARY, 1990
WELLI YEH, B.A., RICE UNIVERSITY
M.5., UNIVERSITY OF MASSACHUSETTS
Ph.D., UNIVERSITY OF MASSACHUSETTS
Directed by: Professor Arnold D. Well
Previous research has suggested that thought disorder in schizophrenia
may be linked to disturbances in cognitive processes such as attention.
The strongest evidence has been in the area of greater distractibility in
schizophrenic patients on auditory digit-span tasks. The trend now is to
look for ways in which this greater distractibility may be used as a
marker for vulnerability to schizophrenia. However, little is known about
the stability of patients' performance on these attentional tasks over
time, or the effects of practice on performance. Also, there has been
little conclusive evidence of greater distractibility in schizophrenic
patients using visual stimuli.
In the present study, seventeen chronic schizophrenic inpatients and
fifteen nonpsychiatric control subjects were given two tasks measuring
distractibility. One was an auditory digit-span task, the other a visual
card-sorting task. Subjects performed each task twice, on two
consecutive days. Performance of patients and controls was compared
using a mixed design analysis of variance to see whether: ( 1 ) patients and
controls differed significantly in amount of distractibility on any
condition of either task, (2) task difficulty affected distractibility of
V
patients and controls differently, and (3) practice affected dlstractlbility
of patients and controls differently.
Results showed that patients were significantly more dlstractible than
control subjects on the easy condition of the digit-span task only. There
were no differences between groups on the card-sorting task. On both
tasks, patients and controls were similarly affected by task difficulty and
practice, with poorer performance on the more difficult conditions and
Improved performance with practice. Given the overall lack of differences
between patients and controls, it was concluded that greater
distractibility in schizophrenia is a small effect that is not characteristic
of all schizophrenic patients, at least not all the time.
VI
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CHAPTER I
INTRODUCTION
A. Overview
Thought disorder, in the form of delusions, incoherence, loosening of
associations, illogical thinking, or poverty of content of speech is one of the
major symptoms of schizophrenia (American Psychiatric Association, 1987).
This thought disorder is believed to be the result of disturbances in the
processes of sensation, perception and conception, such as attention,
discrimination, information processing and information retrieval (Ellis and
Hunt, 1983). Schizophrenic patients themselves have described increased
disturbances in attention with the onset of their illness (McGhie and Chapman,
1961; Freedman and Chapman, 1973; Freedman, 1974). These disturbances are
characterized by greater distractibility, decreased ability to focus attention,
and decreased ability to screen out irrelevant stimuli.
Over the past few decades, a vast amount of research in schizophrenia
has focused on describing and understanding these attentional deficits. Many
of the studies have yielded conflicting results, but one aspect of the
attentional deficits in schizophrenic patients that seems to have substantial
empirical support is their greater susceptibility to distraction. Nevertheless,
even in this area findings have been contradictory at times. The purpose of
the present study is to further investigate distractibility in schizophrenic
patients using an auditory task and a visual task, both of which have been
used in published studies of distractibility in different types of populations.
Previous questions that have been asked about distractibility in
schizophrenia may be separated into two main categories. One category
consists of questions about the nature of this distractibility. These
2questions are concerned with describing, delineating, and understanding
schizophrenics’ greater susceptibility to distraction and how this
susceptibility may be explained. Experimental studies addressing these
questions usually involve comparing the performance of schizophrenic
subjects and a control group on some sort of cognitive task to see whether
schizophrenic subjects are more impaired when a distracting stimulus is
present. In addition, these studies usually provide some information about
the conditions under which distractibility does and does not occur, and
possible reasons for its occurrence or nonoccurrence.
Another category of questions involves the relationship between
distractibility and clinical symptoms. These questions are concerned with
how greater distractibility affects the day-to-day functioning of
schizophrenic patients, and how it may be manifested in the patients’ clinical
symptoms. Studies of these questions typically involve comparing groups of
patients with different clinical pictures on cognitive tasks to see whether
they differ in performance. Also in this category are a number of studies
looking at attentional deficits in schizophrenia as markers of vulnerability to
the illness. The question in these studies is whether groups that are
asymptomatic but have been identified as being at high risk for schizophrenia
show deficits similar to symptomatic patients on cognitive tasks.
Several theories have been used to help explain distractibility in
schizophrenia. Most of these theories were originally developed to explain
the process of selective attention in normal subjects. The most commonly
used are the filter or bottleneck theory and the limited capacity theory.
Broadbent ( 1971 ) suggested that there are three stages in the process of
selective attention. The first of these stages is filtering, in which a
3stimulus is selected for further processing on the basis of its physical
characteristics. In the second stage, categorizing, a stimulus is processed
for features that show it to be a member of a certain class and not a member
of other possible classes. The third stage, pigeonholing, involves applying a
bias to a particular category so that less perceptual evidence is necessary to
identify this category of stimuli in the first two stages. The filter theory
gave rise to a number of studies that attempted to specify the point at which
filtering in schizophrenic patients is impaired (Hawks & Robinson, 1971;
Straube & Germer, 1979; Hemsley & Richardson, 1980; Schwartz, 1982).
Unfortunately, however, the results of these studies are inconclusive.
An alternative theory conceptualizes selective attention as a “limited
nonspecific capacity or resource that can be allocated to specific processing
tasks" (Nuechterlein & Dawson, 1984). Different processes require different
amounts of attention, and the total amount of attention available depends on
the attendees level of arousal and the amount of effort exerted (Kahneman,
1973). This approach resulted in two possible explanations of distractibility
in schizophrenia. One is that schizophrenics suffer from a reduced
attentional capacity; the other is that they have difficulty in the allocation of
their attention (Schneider, 1976; Nuechterlein and Dawson, 1984; Ohman,
Nordby & d'Elia, 1986). Like the filter theory, however, the limited capacity
theory of attention also has its drawbacks. The most obvious problem lies in
specifying the nature and size of the capacity or resource--in normal
subjects as well as schizophrenic subjects (Navon, 1984).
Other explanations of distractibility in schizophrenia come from
theories of general information processing in normal subjects. One such
explanation is that schizophrenic patients are generally slower in processing
4information than normals (Yates, 1966). Other explanations involve the
distinction between automatic and controlled processing (Shiffrin &
Schneider, 1977)--i.e. processes that are automatic in normals may require
active control in schizophrenics, leaving them less processing capacity for
other tasks (Nuechterlein, 1982). Still other explanations look at
distractibility in terms of input versus response, in an effort to specify
whether schizophrenics are affected by distraction at the point of processing
input (Venables, 1964) or at the point of selecting and executing a response
(Broen, 1966).
B. Auditory Measures of Distractibility
Studies of distractibility generally involve tasks that require subjects
to attend to a particular stimulus that is labeled as relevant, in the presence
and absence of other distracting or irrelevant stimuli. One of the more
commonly used tasks in studying distractibility in schizophrenics is the
dichotic listening task. Typically in this task, subjects use headphones to
listen to two simultaneous spoken messages, one in each ear. The subject is
requested to listen or attend to one of the messages and to shadow or repeat
the words as they occur. Resulting errors, which are viewed as indicators of
distractibility, may be classified into two categories: errors of omission and
errors of intrusion. Errors of omission occur when the subject fails to
shadow words that should be shadowed, while errors of intrusion occur when
the subject shadows words that should not be shadowed. The types of errors
that occur can often provide clues to the nature of performance deficits.
Clues can also be gathered by administering a short memory test after the
dichotic listening task to see how much of the messages—nonshadowed as
well as shadowed—the subject remembers.
5A number of dichotic listening studies have found that performance of
schizophrenic patients is comparable to that of normal and psychiatric
control subjects in the absence of irrelevant information, but that
schizophrenic patients do more poorly in the presence of irrelevant
information (Rappaport, 1967; Payne, Hochberg, & Hawks, 1970, Hawks &
Robinson, 1971; Wishner & Wahl, 1974; Korboot & Damiani, 1976; Wahl, 1976;
Hemsley & Richardson, 1980; Green, 1985). A few studies have been reported
that failed to find these differences (Schneider, 1976; Straube & Germer,
1979; Pogue-Geile &01tmanns, 1980). A closer look at the results of each
study, however, reveal that they may not be as contradictory as they initially
appear. Straube and Germer and Pogue-Geile and Oltmanns did find worse
performance in schizophrenics than controls, but the differences were too
small to be statistically significant. Schneider, too, found some differences
in performance between schizophrenics and controls, but the differences he
found were limited to a group of schizophrenics he had labeled as delusional,
while another group of schizophrenics labeled as nondelusional appeared to be
no worse than controls. The differences between schizophrenic groups in
Schneider’s study could be explained by the possibility that his delusional
schizophrenics were significantly more disturbed than his nondelusional
schizophrenics, who may have been in the prodromal or residual phases of
their illness, or perhaps even misdiagnosed.
Another possible explanation for the lack of significant differences
between schizophrenics and controls is that because of variations in
procedure, the tasks in these studies were either easier or more difficult
than those of other studies, so that they failed to discriminate between the
groups. The prose passages that Schneider (1976) and Pogue-Geile and
6Oltmanns (1980) used as stimuli in their studies were shorter than those used
by Payne et al. (1970) who found schizophrenics to be impaired. The shorter
message length may have rendered the task easier for schizophrenics, who are
also characterized as having difficulty sustaining attention over time
(Nuechterlein & Dawson, 1984). The task in Straube and Germer’s (1979)
study, on the other hand, was made more difficult for both groups by using
irrelevant stimuli that were affectively laden or semantically similar to
target stimuli.
Overall, there seems to be fairly strong evidence from dichotic listening
studies that schizophrenics are more distractible than normal and psychiatric
controls, although on some variations of the task, schizophrenics have
performed as well as controls.
Another auditory task that has been used frequently as a measure of
distractibi 1 ity in schizophrenic patients is a digit-span task devised by
Oltmanns and Neale ( 1 975). In this task, subjects are asked to recall short
lists of digits read by a female voice while ignoring digits read by a male
voice. The advantage of this task over dichotic listening tasks is that the
baseline and distractor conditions are matched for discriminating power.
Chapman and Chapman (1973) have pointed out that the poorer performance of
schizophrenic patients on some conditions of attentional tasks may be
attributed to differences in the difficulty and discriminability of the
conditions, rather than a differential deficit in the patient's ability.
Oltmanns and Neale devised their digit-span task with this criticism in mind.
They matched distractor and baseline conditions for coefficient alpha, mean,
and variance using 100 normal subjects representing a broad cross-section of
Intellectual abilities. The matching was then validated on 50 additional
7normal subjects. The result was two pairs of matched tasks, each pair
consisting of fourteen lists of digits. In one pair, the baseline condition was
made up of 6-digit lists and the distractor condition of 5-digit lists, while in
the other pair the baseline condition was made up of 7-digit and 8-digit lists
and the distractor condition of 6-digit lists. By matching the discriminating
power of their baseline and distractor tasks, Oltmanns and Neale showed that
differences in performance between schizophrenic and control subjects is in
fact the result of a differential deficit in ability to attend selectively.
Several of the studies using this digit-span task have clearly shown
greater distractibility in schizophrenic patients (Oltmanns and Neale, 1975,
Oltmanns, 1978; Finkelstein, 1983), while others have been more difficult to
interpret (Oltmanns, Ohayon, & Neale, 1978; Rund, 1983; Harvey, Earle-Boyer,
& Levinson, 1986; Green & Walker, 1986). In the original study in which the
task was developed, Oltmanns and Neale (1975) compared the performance of
chronic schizophrenic patients with that of a control group made up of prison
inmates and hospital staff, and found that schizophrenic patients did
significantly worse than controls on the longer pair of tasks, but that there
was no difference in performance between groups on the shorter pair of tasks.
They concluded that the performance of schizophrenics is worse on the longer
lists because distraction interferes with their ability to organize information
for storage.
In an effort to replicate and extend these findings, Oltmanns, Ohayon and
Neale (1978) tested chronic schizophrenic inpatients on and off medication
using the digit-span task and compared their performance with that of prison
inmates and hospital staff. Although schizophrenic patients showed
significantly poorer performance overall, they did not show a differential
8impairment due to distraction while they were on medication. However like
patients in the 1975 study, the subgroup of schizophrenic patients in this
study who were taken off medication before the second testing did show
significantly greater distractibility on the longer pair of tasks. In the second
part of this study, newly admitted psychiatric patients were given the digit-
span task. The scores were divided into two groups on the basis of the
patients hospital diagnoses, and the scores of schizophrenics and
nonschizophrenics were compared to those of the controls from the first part
of the study. Again, schizophrenic patients performed more poorly overall,
but were not significantly more distractible than either the psychiatric or the
normal controls. However, when the patients were reclassified using the
more stringent Research Diagnostic Criteria (Soitzer Endicott & Robins,
1975), the schizophrenic group did show significantly greater distractibility,
but this time on the shorter pair of tasks, rather than the longer.
In another study, Oltmanns (1978) used variations of the digit-span task
in an attempt to identify the level of processing at which distraction
interferes with the performance of schizophrenic patients as compared with
manic patients and normal controls. In particular, he was interested in
looking at the serial positions of the items that were forgotten in the
presence of distraction, and the effect of rate of item presentation. In
addition to administering the short pair of digit-span tasks, Oltmanns
developed and administered word span tasks that were essentially the same
as the digit-span tasks, except that the stimuli consisted of words rather
than digits. By using words, Oltmanns was also able to look at errors of
intrusion. Oltmanns found that schizophrenic patients were significantly
more distractible than normal controls on the digit-span task, while manic
9patients did not differ significantly from either group. On the word span
tasks, all groups performed significantly more poorly in the presence of
distraction, with schizophrenic patients doing the most poorly. Furthermore,
this poorer performance of schizophrenics could be attributed to greater
distractibi 1 i ty in the first serial position, or a loss of the primacy effect in
the presence of distraction. Also, normal subjects showed significantly less
distractibi lity at slower rates of presentation, whereas schizophrenics and
manics were equally distractible regardless of rate of presentation. The
other significant finding in this study was that schizophrenics made more
errors of intrusion on the word span tasks.
From these first three studies, we can see a pattern of results showing
greater distractibi lity of schizophrenic patients on the digit-span tasks, yet
the findings are inconsistent with regard to the specifics of this greater
distractibility. In two experiments schizophrenics were more distractible on
the longer tasks only, while in another two experiments they were more
distractible on the shorter tasks. In addition, not all schizophrenics exhibit
this deficit all the time--in one study, only unmedicated schizophrenics or
schizophrenics who had been rigorously diagnosed were significantly more
distractible than normals. Finally, it is unclear whether greater
distractibility on the digit-span task is specific to schizophrenia, since
manic patients were also found to perform more poorly in the presence of
distraction.
Other researchers have tried to replicate these findings, too. Finkelstein
( 1 983) followed the procedure used by Oltmanns and Neale ( 1 975) to devise
matched digit-span tasks. His tasks differed from Oltmanns' and Neale’s in
that his relevant items were read by a male voice and his irrelevant items by
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a female voice and his final task consisted of seven distractor lists, three 6-
digit lists and four 7-digit lists, and nine baseline lists: three 7-digit lists
four 8-digit lists and two 9-digit lists. Finkelstein then compared the
performance of recently admitted schizophrenic patients with that of
nonschizophrenic psychiatric patients and hospital staff. He found that
schizophrenic patients were significantly more distractible than either
control group, who did not differ from each other. Finkelstein also divided
schizophrenic patients into paranoid and nonparanoid groups on the basis of
how they were rated on items associated with paranoia on the In-patient
Multidimensional Psychiatric Scale (Lorr & Klett, 1966). Comparing these
two groups, he found a trend for nonparanoid schizophrenics to be more
distractible than paranoid.
Another attempt to replicate Oltmanns and Neale's (1975) findings and
look at differences between paranoid and nonparanoid schizophrenics was less
conclusive. Rund ( 1 983) used the tasks constructed by Oltmanns and Neale
with two changes: all items were presented in Norwegian, since the study
used Norwegian subjects, and all items were presented monaurally (they had
been presented binaural ly in other studies). Rund found that schizophrenic
patients were not significantly more distractible than psychiatric and normal
controls on either the shorter or the longer pair of tasks. However, when he
compared the performance of paranoid and nonparanoid schizophrenics, he
found the nonparanoid schizophrenics to be significantly more distractible
than the paranoid on the shorter tasks, but not the longer. Furthermore, the
paranoid schizophrenics were the only group to do better in the distractor
conditions than the baseline conditions--with performance that surpassed
even normal controls on the 5-digit distractor task.
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The most recently published studies using Oltmanns' and Neale s (1975)
digit-span task look at the relationship between distractibi l ity and different
measures of thought disorder (Harvey, Earle-Boyer & Levinson, 1986; Green
and Walker, 1986). Harvey et al. compared performance of schizophrenics and
manics using the shorter digit-span tasks, and also rated transcripts of the
subjects speech for linguistic failures. Although both groups did
significantly worse in the presence of distraction, schizophrenics and manics
did not differ from each other in distractibi l ity. However, distractibility in
schizophrenics was found to correlate positively with discourse failure,
whereas in manics, discourse failure was correlated with general recall
performance, and not distractibility. Since Harvey et al. did not use a
nonpsychiatric control group, it is unclear whether their psychiatric
populations were abnormally distractible.
Green and Walker (1986) did use a nonpsychiatric control group,
comprised primarily of hospital staff, as well as a group of schizophrenic
patients and a group of bipolar patients. The schizophrenic patients were
divided into three groups: those with positive symptoms, those with negative
symptoms, and those with mixed symptoms. These groups were formed on the
basis of Andreasen's Scale for the Assessment of Negative Symptoms ( 1981
)
and Scale for the Assessment of Positive Symptoms (1983). All subjects
were given the shorter pair of digit-span tasks, and the results showed that
only the schizophrenic patients with positive symptoms performed
significantly worse in the presence of distraction.
There have also been published studies looking at performance of
schizophrenic patients and controls on digit-span tasks that have not been
matched for discriminating power. The tasks used are usually quite similar
12
to the ones previously described, except that the baseline and distractor
conditions have not been matched for difficulty and discriminating power, so
that, for example, performance on a 6-digit baseline list would be compared
with performance on a 6-digit distractor list. Like the studies using the
matched digit-span tasks, some of the studies using unmatched digit-span
tasks found significantly greater distractibility in schizophrenics (Hemsley
and Zawada, 1976; Lerner, Nachshon, & Carmon, 1977), while others did not
(Berg and Leventhal, 1977).
In addition to studies using schizophrenic patients, Oltmanns' and Neale's
( 1 975) digit-span task has been used in studies with children at high risk for
psychopathology (Harvey, Winters, Weintraub, & Neale, 1981; Winters, Stone,
Weintraub & Neale, 1981). In both studies, the performance of children with a
parent who suffered from schizophrenia, depression, or bipolar illness was
compared with children whose parents did not suffer from any kind of mental
illness. The results of both studies showed that children of schizophrenic
parents and children of depressed parents were significantly more
distractible than the other two groups. Furthermore, Harvey et al.
demonstrated that the children of schizophrenic parents exhibited the poorer
performance on primacy items that has been found in schizophrenic patients,
whereas the children of depressed parents did not.
Thus, there seems to be fairly strong evidence for greater distractibility
in schizophrenics using the matched digit-span tasks developed by Oltmanns
and Neale (1975), although in a few studies, only a subgroup of the
schizophrenics exhibited this greater distractibility (Oltmanns, Ohayon &
Neale, 1978; Rund, 1983; Green and Walker, 1986). There is also some
evidence that this greater distractibility is not specific to schizophrenia,
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since manic patients and children of depressed parents also performed more
poorly in the presence of distraction (Oltmanns, 1978; Harvey, Winters,
Weintraub & Neale, 1981; Harvey, Earle-Boyer & Levinson, 1 986). However,
the performance of schizophrenic patients may be differentiated from that of
other groups on the basis of distractibi 1 i ty on items in the earlier serial
positions. Schizophrenic patients are the only ones who lose the primacy
effect in the presence of distraction.
In the present study, the matched digit-span tasks were used as a
measure of auditory distractibility in schizophrenia in an effort to replicate
previous findings. In addition, the digit-span task served as a basis of
comparison for the visual task that was also used in this study.
C. Visual Measures of Distractibility
So far, only auditory measures of distractibility have been discussed. It
is possible, though, that schizophrenic patients may differ in their level of
distractibility in the auditory and visual modalities. A plausible hypothesis
would be that because schizophrenics often suffer from auditory
hallucinations, but rarely visual hallucinations, the disorder may affect their
information processing in the auditory domain differently than the visual.
There have been studies of distractibility in schizophrenia using visual tasks,
and these studies have been even more varied than those using auditory tasks.
Many different types of visual tasks have been used to assess distractibility,
and not surprisingly, the results have been varied as well. One of the earlier
studies, conducted by Chapman ( 1 956), compared the performance of
schizophrenic patients with that of normal control subjects on a card sorting
task. Subjects sorted four decks of 36 cards each. Each card had four figures
on it and subjects sorted the cards into three piles. Each pile was identified
14
by a standard card, which also had four figures on it. When sorting, subjects
matched one of the four figures on the response cards with the figure in the
lower right hand corner of the standard cards. Although each response card
contained four figures, the figures could be either distractor figures, which
were similar to the relevant figure in some way, or "filler" figures, which
were numbers or letters that were approximately the same size as the
relevant figure, but otherwise had little in common with it. The response
cards varied in the proportion of distractor and filler figures. The results of
the study revealed that schizophrenic patients made significantly more
sorting errors than normals in the presence of distraction. Furthermore,
increasing the number of distractors resulted in an increase in the number of
errors that schizophrenics made, whereas normals made very few errors
regardless of the number of distractors present.
Hemsley (1976) also used a card sorting task to look at distractibility in
schizophrenic patients as compared with depressed patients. He used six
decks of 32 cards each. Deck 1 consisted of 16 cards with blue circles
printed on them and 16 cards with red circles. Subjects sorted this deck,
which contained one bit of stimulus uncertainty, one time, according to color-
-which resulted in one bit of response uncertainty. Deck 2 consisted of eight
cards with red circles, eight with blue circles, eight with red squares, and
eight with blue squares. Subjects sorted this deck, with two bits of stimulus
uncertainty, twice: once by color (one bit of response uncertainty) and once
by color and shape (two bits of response uncertainty). Deck 3 contained cards
with red or blue circles, squares, diamonds or triangles. This deck,with three
bits of stimulus uncertainty, was sorted three times: by color (one bit of
response uncertainty), shape (two bits of response uncertainty), and both
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color and shape (three bits of response uncertainty). Three more decks were
used for the distractor condition. These decks were identical to the first
three decks described, except that each card contained an additional symbol in
the corner that subjects were instructed to ignore. The results showed that
schizophrenic patients were slower overall in their sorting times and that
both schizophrenic and depressed patients were slower in the presence of
irrelevant information. However, schizophrenics failed to exhibit greater
distractibi 1 i ty than depressed patients, though they were significantly more
affected by response uncertainty. Both groups were also more affected by
distraction at greater levels of response uncertainty.
Watson and Plemel (1981) used a different kind of visual task to assess
distractibi l ity in schizophrenic patients as compared with psychiatric and
normal controls. The task they used was like a visual digit-span task, in
which subjects were asked to recall lists of six 1- or 2-syllable words that
were presented visually for 25 seconds. In the distractor conditions,
irrelevant stimuli were presented auditorally during the last ten seconds of
exposure. There were two kinds of distractor conditions: (a) low association
distraction, in which six words that were not associated with the relevant
stimuli served as distractors; and (b) high association distraction, in which
six words that were associated with the relevant stimuli served as
distractors. Like Oltmanns' and Neale’s (1975) digit-span task, the conditions
in this task were matched for discriminating power. Watson and Plemel found
that both psychiatric groups recalled significantly fewer words than normals
overall, and that schizophrenics recalled significantly fewer words than both
groups on the low association distractor condition and significantly fewer
words than normals on the high association distractor condition.
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On the other hand, another study using visual tasks that had been
matched for discriminating power failed to find differences between
schizophrenic patients and college students (Knight, Youard, & Wooles, 1985).
In this study, subjects looked at cards with a matrix of X*s on one side and a
matrix of O's on the other. On half of the cards, subjects were asked which
side contained the greater number of letters, and on the other half of the
cards they were asked which side contained the fewer number of letters. In
the distractor condition, three B's were interspersed among the X's and O's.
Knight et al. found the reaction times of schizophrenics to be slower overall,
but neither group was significantly affected by distraction.
Yet another type of visual task has been used to assess distractibi 1 ity in
schizophrenic patients. Persons and Baron ( 1 985) used a version of the Stroop
task to compare performance of thought-disordered and non-thought-
disordered psychiatric patients, as determined by independent raters.
Subjects were given lists consisting of groups of symbols or digits (e.g.
***** @@@ $$$$ && or 44444 222 3333 1 1 ) and asked to state, as rapidly as
possible, how many symbols or digits were .in each group. The results
indicated that thought-disordered patients were slower overall than non-
thought-disordered patients, but their speed was not differentially affected
by the Stroop manipulation. However, the thought-disordered patients made
significantly more errors when naming digits than the non-thought-disordered
patients. Thus, the results seem to support the hypothesis that
distractibi 1 ity is related to thought disorder. Unfortunately, however,
Persons and Baron did not specify what diagnoses their thought-disordered
patients carried, so conclusions about distractibility in schizophrenics cannot
be drawn from this study.
17
Thus, two studies using two different visual tasks show clear evidence
that schizophrenic patients are more distractible than normals (Chapman,
1956; Watson and Plemel, 1981), while one study clearly fails to show this
difference (Knight et al., 1985). Possible explanations for the contradictory
results could involve ( 1 ) the tasks used, (2) the subjects used or (3) a
combination of the two. Although Knight et al. made an effort to match their
baseline and distractor conditions for difficulty and discriminability, they
failed to validate their matching. As a result, their conditions may not have
been matched, and this situation may account for the lack of differences
between schizophrenics and controls on their task. Also, the task may have
been either too easy or too difficult to discriminate between the two groups.
Indeed, the tasks used by Chapman and Watson and Plemel seem somewhat
more complex than the one used by Knight et al. In Chapman's task, subjects
had to decide between three categories, and the proportion of irrelevant to
relevant stimuli in distractor conditions was much greater than in Knight et
al. Watson and Plemel's task involved short-term memory as well as
attention. These additional components may have contributed to finding
differences between schizophrenic patients and controls, and like the results
of the digit-span studies, this evidence suggests that the greater
distractibility of schizophrenic patients occurs with higher level processes.
The other two studies of distractibility using visual tasks found that
schizophrenic patients performed more poorly in the presence of distraction
than in the absence of distraction (Hemsley, 1976; Persons and Baron, 1985).
However, depressed patients and other thought disordered patients were also
found to be just as affected by distraction as schizophrenics, a finding that
suggests that greater distractibility may not be specific to schizophrenia.
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Neither of these studies used nonpsychiatric controls, making it impossible to
draw conclusions about the distractibility of schizophrenics compared with
normals.
Studies using visual tasks to measure distractibility have also been done
with children at high risk for psychopathology. A few studies looked at
performance on the Embedded Figures Test (EFT), a task that requires
subjects to identify a simple shape or figure that is embedded in a complex
background. Accurate performance on the task requires an ability to screen
out irrelevant stimuli. Researchers in one study concluded that 3 year-old
and 5 year-old children of schizophrenic mothers showed deficits on the EFT
compared with children of normal mothers (Grunebaum, Weiss, Gallant &
Cohler, 1974). However, a reanalysis of their data in two subsequent articles
(Gamer, Gallant, Grunebaum & Cohler, 1977; Cohler, Grunebaum, Weiss, Gamer
& Gallant, 1977) showed little support for this conclusion. Using more
stringent statistical analyses and covarying for verbal intelligence, Cohler et
al. demonstrated that it was the 5 and 6 year-old children of depressed
mothers rather than schizophrenic mothers who showed deficits on the EFT,
while Gamer et al. failed to find significant differences in the performance of
3 year-olds on the task.
Another study looked at performance of teenage foster children whose
biological mothers were schizophrenic, foster children whose biological
mothers were not schizophrenic, and normal, non-foster children on a variety
of attentional tasks (Asarnow, Steffy, MacCrimmon & Cleghorn, 1977). They
found a general tendency across tasks for the high risk children to show the
poorest performance, foster controls next, and non-foster controls the best
performance. With regard to specific tasks, they did not find significant
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differences between groups on a dichotic listening task, but they did find
differences on the more difficult conditions of the span of apprehension and
the Spokes Test. On the span of apprehension, subjects are briefly shown an
array of letters and asked to identify which of two target letters appears in
the array. This task is generally viewed as a measure of iconic memory. The
Spokes Test involves finding and connecting with a pencil a sequence of
letters and numbers that are randomly placed on a sheet of paper. In the
simple condition, only letters appear on the page. In the complex condition,
both letters and numbers appear, and subjects must alternate the sequence of
letters and numbers (i.e. A— I—B~2--C—3). Poorer performance of high
risk children on the complex condition of the Spokes Test seems to support
previous hypotheses about distractibility affecting higher level processes in
schizophrenic patients (Oltmanns, 1978; Harvey et al., 1984; Harvey et al.,
1986).
In studies of normal children and adults, card sorting or speeded
classification tasks have been popular as measures of distractibility. These
simple, easy-to-administer tasks usually require subjects to sort a deck of
cards into two piles according to the stimuli on the cards. In the baseline
condition, cards are printed with only relevant stimuli, while in the
distractor condition, cards are printed with the relevant stimuli and
additional, irrelevant stimuli that the subject is instructed to ignore. Sorting
times for baseline and distractor decks are compared to see whether some
groups of subjects are more affected by irrelevant stimuli than others.
Studies using the task have shown that children are significantly more
distractible than adults (Strutt, Anderson & Well, 1975; Well, Lorch &
Anderson, 1980) and that younger children are more impaired than older
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children (Strutt, Anderson & Well, 1975). The amount of impairment appears
to be independent of the level of difficulty of the task (Well, Lorch &
Anderson, 1980).
D. Effects of Practice on Distract ihi 1 ity
The studies of distractibility using card-sorting tasks have also found
that both normal children and adults improve with practice, to the extent that
there is no difference in their performance with and without distractors
(Horn, Lorch, Lorch & Culatta, 1985; Lorch, Anderson & Well, 1984). However,
children with severe cognitive impairments as a result of spina bifida and
hydrocephalus fail to improve with practice (Horn et a!., 1985).
There are several possible explanations for the improvement of
performance with practice. One category of explanations hypothesizes that
practice changes the way in which subjects process relevant information.
Another category of explanations hypothesizes that practice changes the way
in which subjects process irrelevant information—practice may result in
habituation to irrelevant stimuli or an active suppression of response to
irrelevant stimuli. Some evidence has been found in support of the latter
category of explanations (Lorch et al., 1984).
Surprisingly little research has looked at the effects of practice on the
performance of schizophrenic patients on attentional tasks. If the
improvement of normal children and adults is attributed to the effects of
habituation to irrelevant stimuli, we would not expect the same pattern of
improvement in schizophrenics because they often show aberrant orienting
and habituation responses. Johnson ( 1 985) cites a number of studies in which
schizophrenic patients do not benefit from priming or cuing stimuli in the
way that normal subjects do. In studies measuring cortical evoked responses,
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the evoked responses of normal subjects are reduced when the evoking
stimulus is produced by the subject’s own response, rather than presented by
the experimenter (Schafer and Marcus, 1973). The "self-stimulation" appears
to act as a cue to subjects, resulting in the attenuation of their response to
the evoking stimulus. However, studies with schizophrenic patients have
demonstrated that the evoked responses of schizophrenics are significantly
less reduced by the self-stimulation condition than those of normals (Braff,
Callaway & Naylor, 1977). Thus, they do not appear to benefit from the cue.
Similar results have been found with measures of the startle reflex. In
humans of all ages and other animals, a mild stimulus preceding the startling
stimulus reduces the size of the startle reflex (Graham, 1975; Hoffman and
Ison, 1980). Again, however, the startle reflex of schizophrenics is
significantly less reduced by the cuing stimulus as compared with normals
(Braff, Stone, Callaway, Geyer, Blick & Likh, 1978).
Measures of auditory evoked potentials have also revealed these
differences. The responses of normals are reduced when a cuing stimulus
precedes the evoking stimulus, but in schizophrenics, the reduction is
significantly smaller (Adler, Pachtman, Franks, Pecevich, Waldo & Freedman,
1982; Freedman, Adler, Waldo, Pachtman & Franks, 1983).
The results of all these studies support the idea that schizophrenics are
less able to benefit from cuing stimuli than normals. More support may be
found in a study of orienting responses using measures of skin conductance,
heart rate and finger pulse volume responses (Ohman, Nordby & d’Elia, 1986).
Ohman et al. reviewed evidence suggesting that orienting responses in
schizophrenics are either hypo- or hyperreactive. They interpreted these
deviations as being the result of inefficient allocation of controlled
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processing resources to external stimuli. In order to test this hypothesis
further, they looked at orienting responses in schizophrenic patients and
hospital staff using a simple reaction time task. The task consisted of two
types of auditory stimuii-one was a cuing stimulus and the other was an
imperative stimulus to which the subject would respond by pressing a key
The cuing stimuli were tones of two different pitches. One pitch was always
followed by the imperative stimulus, and the other pitch was not. The
imperative stimulus was white noise. Slides of trees, flowers, and
landscapes were projected onto a wall in front of subjects during some trials
as a distractor condition. Subjects were instructed to ignore the slides and
to respond to the noise imperative stimulus as quickly as possible. Subjects'
heart rate, finger pulse volume and skin conductance were monitored as
measures of their orienting responses. The procedure yielded a number of
interesting results: based on measures of heart rate and skin conductance,
schizophrenic patients did not differentiate between signal and nonsignal
cuing tones as controls did. On finger pulse volume, both groups
differentiated between signal and nonsignal tones, but schizophrenics less so
than controls. Both groups were also distracted by the visual stimuli, but
while controls seemed to habituate to the distraction after repeated
presentations, schizophrenics did not. Finally, reaction times were faster for
controls than schizophrenics and faster reaction times were associated with
better differentiation between signal and nonsignal tones. The authors
concluded that schizophrenic patients showed "an inefficient handling of
information processing resources" (p. 333) by orienting less efficiently than
controls. They responded less than controls to task-relevant stimuli and
more than controls to task-irrelevant stimuli.
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Thus, there seems to be compelling evidence to suggest that
schizophrenic patients do not habituate to irrelevant stimuli in the way that
normal control subjects do. Therefore, we would not expect them to show the
same pattern of improvement on the card sorting task that normal adults and
children show. However, if they were to improve with practice, we would
need to re-examine the previous statements about habituation or explain the
improvement through mechanisms other than habituation, such as the active
suppression of responses to irrelevant stimuli. In any case, improvement in
the performance of schizophrenic patients on an attentional task would have
some interesting implications for treatment of attentional deficits in
schizophrenia.
E. Goals of Current Study
The current study had four main goals. The first was to replicate
previous studies regarding distractibility in schizophrenic patients on the
auditory digit-span task developed by Oltmanns and Neale (1975). Given the
current evidence on distractibility in schizophrenia and the number of
contradictory studies, a replication was deemed worthwhile. The digit-span
task also served as a basis of comparison for the visual task, which had not
been used before with schizophrenic patients, though it had been used with a
variety of other groups.
The second goal of this study was to look at distractibility in
schizophrenic patients on a visual task—namely, the card sorting task used by
Well et al. ( 1 980). This task has proved to be sensitive to differences in
distractibility in adults, normal children and children with spina bifida.
Because of its simplicity and the ease with which it may be administered, it
was hoped that this task would be useful in further research on
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distractibility in schizophrenia if it differentiated between schizophrenic
patients and normal controls.
The third goal of this study was to look at the effect of task difficulty
on distractibi 1 ity in schizophrenic patients and normal control subjects, and
to see whether it affected the two groups differently. Information along
these lines may be useful in specifying the conditions under which
schizophrenic patients are likely to show greater distractibi 1 ity, or the
conditions under which their cognitive performance differs from that of
nonpsychiatric populations.
The fourth goal of this study was to see whether distractibi 1 ity in
schizophrenic patients changed with practice. The trend in research on
attentional deficits in schizophrenia is to view these deficits as stable and
enduring traits and to look for ways in which they may be used as markers of
vulnerability to the illness. If the performance of schizophrenic patients on
attentional tasks were affected by practice, the stability of these deficits
would be brought into question. Furthermore, an improvement in performance
would have interesting implications for treatment of these deficits. If the
performance of schizophrenic patients were not affected by practice, or if
schizophrenic patients and control subjects were affected differently by
practice, these findings would also provide information about the nature of
distractibility in schizophrenia.
Through the use of different tasks measuring distractibility in two
different modalities, with varied levels of difficulty within each task, and
the administration of these tasks on two different occasions, it was hoped
that the results of this study would provide converging evidence about
distractibility in schizophrenic patients and reveal
nature of this distractibility.
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something about the
CHAPTER II
METHOD
A. Subjects
Seventeen schizophrenic inpatients from the Palo Alto Veterans
Administration Hospital were used as experimental subjects for this study
One subject did not complete the second day of testing because of scheduling
conflicts and another subject did not do the auditory task, though he did
complete the visual task. All subjects were on psychotropic medications at
the time of testing, and were judged by hospital staff to be at their baseline
in terms of functioning and symptoms. Patients were asked to participate in
the study if they met the following criteria:
1 ) A current hospital diagnosis of schizophrenia.
2) No evidence of organic central nervous system disorder. (This was
included to reduce possible confounding effects of cognitive deficits due to
organic impairment.)
3) No history of significant alcohol and/or substance abuse and/or
dependence that would require treatment or result in a secondary diagnosis.
(This was included to reduce possible confounding effects of cognitive
deficits due to alcohol and/or substance abuse.)
4) No single hospitalization lasting longer than 5 years. (This was
included to reduce possible confounding effects of long-term hospitalization
on cognitive functioning.)
5) No significant visual, auditory or motor impairment that would
interfere with subject’s ability to perform the experimental tasks.
6) Under 60 years of age, (to minimize possible confounding effects of
cognitive changes associated with aging).
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In addition, patients were independently evaluated by two psychiatrists
or a psychiatrist and a psychologist using both the Diagnostic and statistical
Manual of Mental Disorders (3rd ed.. revised) (Ampriran Psychiatric
Association, 1987) and the Research Diagnostic Criteria (Rnn (Spit 7or
Endicott & Robbins, 1978) and a research assistant using the Schedule for
Affective Disorders and Schizophrenia (Snitzpr & rndimn 1975), a
structured interview that yields a diagnosis according to the RPC. Only
patients who were given a consensus diagnosis of schizophrenia by all three
diagnosticians were included in the study.
Patients were also rated on the severity of their clinical symptoms by
two raters using the Brief Psychiatric Rating Scale (BPRS) (Overall & Gorham,
1962) and information regarding their previous hospitalizations and current
medications was gathered. (See Appendix A for a sample background
information form.)
Fifteen nonschizophrenic men were used as control subjects for this
study. Control subjects were recruited by flyers, in person by the
investigator, or by word of mouth from others who had participated in the
study. Control subjects were hospital employees or people who lived in the
community. In order to keep the control group as similar as possible to the
patient group, the control subjects met the following criteria:
1 ) A self-report of no organic central nervous system disorder.
2) A self-report of no alcohol and/or substance abuse.
3) A self-report of no significant visual, auditory, or motor impairment
that would interfere with ability to perform the experimental tasks.
4) No educational degree beyond a B.S. or a B.A
5) Under 60 years of age.
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In addition, control subjects were also required to have a self-report of
no significant psychopathology in themselves or in first degree relatives.
Significant psychopathology was defined as outpatient treatment for a non-
neurotic disorder or any inpatient and/or drug treatment for "emotional
disturbance."
Background information was also gathered for control subjects.
Overall, patients and control subjects were quite well matched on
demographic characteristics. Patients ranged in age from 27 to 54 with a
mean age of 36.88, while control subjects ranged from 23 to 59, with a mean
age of 35.67. Chi-square analyses were used to test for associations between
group and marital status, ethnicity, religion, and socio-economic status as
determined by Hollingshead and Redlich's (1958) two-factor index of social
position. None of the Chi-square tests were significant. Table 1 summarizes
the demographic information for both groups.
B. Materials and Procedure
1. Auditory Task
The stimulus materials for the auditory task were identical to those
developed by Oltmanns and Neale (1975). The task consisted of four different
conditions: easy baseline, easy distractor, difficult baseline, and difficult
distractor. Each condition consisted of seven trials. In each trial, subjects
heard a string of digits that they were asked to remember in the correct
serial position. In the baseline conditions, digits were presented by a female
voice at a rate of approximately one digit every two seconds. In the
distractor conditions, each trial consisted of relevant digits presented by a
female voice at the same rate, and four irrelevant digits presented by a male
voice in the 2-second interval between each relevant digit. In the easy
29
Table 1
Demographic Information for Patients and Controls
Variable
Patients
(N)
Controls
(N)
Marital Status
Single 10 7
Married
1 6
Separated
1 1
Widowed 0 0
Divorced 4 1
X2(4,N = 31) = 5.874, n.s.
Ethnicity
Native American 0 1
Black 3 2
Hispanic 1 1
Asian 1 0
White 1 1 1 1
X2(4, N = 3 1 ) = 2. 1 7, n.s.
Religion
Catholic 3 • 5
Protestant 7 5
Jewish 1 1
Other 5 4
X2(3,N = 31) = .913, n.s.
Socioeconomic Status
Class 1 1 0
Class II 1 0
Class III 2 6
Class IV 9 8
Class V 3 1
X2(4, N = 31) = 5,033, n.s (Continued, next page)
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Table l (Continued)
Variable
Patients
(N)
Controls
(N)
Medication
Antipsychotic 16
Antiparkinsonian
1 1
Antidepressant 0
Antianxiety 2
Other 6 4
Mean Age 36.88 35.67
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baseline condition, each trial was six digits long, whereas in the difficult
baseline condition, there were five trials that were seven digits long and two
trials that were eight digits long. The easy distractor trials consisted of five
relevant digits, whereas the difficult distractor trials consisted of six
relevant digits. All trials were recorded on a cassette tape and presented
binaural ly. The easy trials were presented before the difficult trials, and
baseline and distractor trials were presented in random order.
Subjects were instructed to listen to the woman's voice on the tape, to
remember the numbers she said and to write them down in their correct order
on the answer sheet provided. Subjects were then given a practice trial in the
baseline condition and any questions or difficulties were clarified. Next,
subjects were told that on some items, a man’s voice would say other
numbers between those that the woman said. Subjects were asked to ignore
the man’s numbers and to only remember and write down the woman's
numbers. After these instructions, subjects were given a practice trial in the
distractor condition. Finally, subjects were told that the string of numbers
would become longer as the test progressed and were given two longer
practice trials, one in each condition.
2. Visual Task
The materials for the visual task were similar to those used by Well et
al. (1980). The materials consisted of five decks of 24 cards each: a practice
deck, an easy baseline deck, an easy distractor deck, a difficult baseline deck
and a difficult distractor deck. Each card, measuring approximately 7.62 x
10.16 cm, was made of posterboard and coated with acetate. Cards in the
easy decks were printed with black squares either 1.27 or 1.90 cm on a side.
Cards in the difficult decks were printed with black squares either 1.59 or
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1.90 cm on a side. In the baseline decks, squares were printed on a solid
white background. In the distractor decks, squares were enclosed by an
octagon whose opposite sides were separated by 5.72 cm or a cross 6.98 cm
high by 6.35 cm wide, and the background was pink or yellow. The
measurements given above refer to external dimensions. The sides of the
square were .32 cm thick, while the sides of the irrelevant figures were 48
cm thick.
Subjects were instructed to sort the cards with the larger squares into
one pile and the cards with the smaller squares into another. Two sample
cards with the appropriate size square on white backgrounds were mounted on
holders to indicate the pile assigned to each square size. Subjects were
informed that some cards would contain information in addition to the
squares, but that they should ignore the other information and sort the cards
according to the size of the squares. Subjects were also told to hold the deck
of cards face down until they were instructed to begin sorting, at which point
they were to turn the cards over one at a time, and to sort the cards as
quickly as they could without making errors. The time required to sort each
deck of cards was measured with a stopwatch.
Each deck was sorted twice. Subjects sorted the practice deck first,
followed by the four experimental decks in random order. The decks were
shuffled, and subjects sorted them again in a different random order. In both
the auditory and visual tasks, stimuli was presented in random order to avoid
systematic biases in the data as a result of order effects or counterbalancing.
All subjects were tested individually in two one-hour sessions on two
consecutive days. In each session they did both tasks with a short break
between each task. The order of the tasks was counterbalanced across
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subjects so that half of the subjects received the auditory task first during
both sessions, and half of the subjects received the visual task first during
both sessions.
CHAPTER III
RESULTS
A. Auditory Task
1. Scoring
On the auditory task, data was scored two ways. In the first method, the
number of digits recalled in their correct serial position was tallied for each
trial and converted to percentage correct. This method of scoring has been
used by other investigators in published studies of this task (eg., Oltmanns &
Neale, 1975) Overall, patient scores ranged from 47% correct to 100%
correct, with a mean of 82% correct. Control subjects scored between 31%
correct and 100% correct, with a mean of 88%. Distractibility was measured
by the difference between scores in the presence and absence of irrelevant
information. Patient performance ranged from scores that were 29% worse in
the presence of irrelevant information to 31% better, with a mean of 1.67%
better. Performance of control subjects ranged from being 18% worse in the
presence of irrelevant information to 10% better, with a mean of .87% worse.
The second method of scoring data on the auditory task was less
stringent. It involved tallying the number of digits correctly recalled in each
trial, regardless of serial position. The number of correct responses was then
also converted to percentage correct. By this method, patient scores ranged
from 55% to 100% correct, with a mean of 92%. Scores for control subjects
ranged from 61% to 100% correct, with a mean of 95%.
2. Data Analysis: Scoring Method I
Several analyses of variance were used to look at the results of the
auditory task. (Relevant ANOVA tables may be found in Appendix B.) The first
set of analyses corresponded with analyses done in earlier studies using the
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digit-span task (i.e. Oltmanns & Neale, 1975). Using data obtained by the more
stringent scoring method, performance on the easy and difficult tasks were
analyzed separately, resulting in two analyses of variance, each with group as
a between-subjects variable and condition and session as within-subject
variables. The current analyses revealed a significant interaction of group by
condition on the easy task: F( 1
,
28) = 5.67, MSE = 28.42, p < .03, with patients
showing greater distractibi 1 ity than control subjects. The mean scores are
displayed in Table 2. On the difficult task, however, patients were not
significantly more distractible than control subjects, F( 1
,
28) = .11, MSE *
75. 1 7, p = .74. In fact, a look at the means in Table 2 shows both groups doing
slightly better on the distraction condition. On both tasks, the main effect
for session was also significant, with improved performance on the second
session: F( 1
,
28) = 4.22, MSE = 58.68, p < .05, and F( 1 , 28) = 4.33, MSE = 62.98,
p < .05, respectively for the easy and difficult tasks.
The next analysis, still using data scored by the more stringent method,
incorporated level of difficulty as an additional variable. Thus, the analysis
of variance consisted of one between-subjects variable (group) and three
within-subjects variables (level of difficulty, condition, and session). As
expected, the main effect of level of difficulty was significant: F(l, 28) =
30.95, MSE = 1 98. 1 2, p < .00 1 , with all subjects doing more poorly on the
difficult conditions than the easy conditions. The main effect of session was
also significant: F(1, 28) = 6.43, MSE = 80.83, p < .02, with all subjects
showing improved performance in the second session. However, main effects
for group and condition were not significant.
There were also no significant interaction effects, including that of
group by condition: F( 1 , 28) = 2.0 1 , p = . 1 7, though a look at the means in
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Table 2
AMtQry Taslc Mean Percentage Correct and Standard Deviations iisi™
Scoring Method I
Easy Task
Session 1 Session 2
Baseline Distractor Baseline Distractor
Patients 87.46 ( 1 4.24) 85.33 (15.15) 90.64(10.36) 86.86(13.95)
Controls 91.1 1 (12.87) 91.62(10.82) 93.33 03.86)
Difficult Task
96.19 0 0.11)
Session 1 Session 2
GrouD Baseline Distractor Baseline Distractor
Patients 73.07(19.39) 76.03(19.31) 78,17 04.00) 79.05 08.05)
Controls 81.57 (21.86) 84.13(18.95) 83.13 (18.55) 86.51 07.56)
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Table 2 shows that control subjects tended to do slightly better on the
distractor condition relative to baseline, and patients tended to do slightly
worse. There was a small trend for differences in the interaction of level of
difficulty by condition: F(l, 28) = 3.28, MSE = 43.26, p < .09. As noted earlier,
subjects tended to do better on the distractor condition relative to baseline
on the more difficult task.
Data were also analyzed by serial position, looking at percent correct in
the first five serial positions, to see whether pattern of recall differed for
patients and controls, particularly in the presence of distraction. Results of
an analysis of variance revealed a highly significant main effect of serial
position, F(4, 112)= 14.61, MSE = 2.49, p < .0001, with poorer recall for items
in the middle positions. However, contrary to earlier findings (i.e., Oltmanns,
1978) the interaction of group by condition by position was not significant,
F(4, 1 1 2) = .6 1 , p > . 1 0. See Figure 1 for an i 1 lustration of recall curves.
3. Data Analysis: Scoring Method II
Using data scored by the less stringent criteria, another set of analyses
was done. Again, we started with separate analyses for the easy and difficult
tasks, each with one between-subjects variable (group) and two within-
subjects variables (condition and session). Mean scores for each group may be
found in Table 3. Surprisingly, results using data scored by this method failed
to reveal significantly greater distractibility in schizophrenic patients on the
easy task, though there was a trend for such differences: F( 1 , 28) = 3.35, MSE
= 21.47, p = .08. Control subjects also tended to do better than patients
overall, although this difference also was not significant: F(l, 28) = 3.81,
MSE = 1 07. 1 8, p = .06. Other trends were found in the main effect of
condition, F( 1 , 28) = 2.95, MSE = 2 1 .47, p = . 1 0, with poorer performance on
occ
cc
E
R
SERIAL POSITION
ED Patients: Baseline
Patients: Distractor
Controls: Baseline
Controls: Distractor
FIG. 1 Mean number of digits correctly recalled in the first five
serial positions by patients and controls on the baseline and
distractor conditions of the digit-span task.
FIGURE I
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Table 3
Auaitorv Task Mean Percentage Correct anti standard Deflations usingScoring Method 11 — iUiuii Kj_
Easy Task
Session 1 Session 2
Baseline Distractor Baseline Distrartnr
Patients 94.76 (7.38) 92.95 (9 89) 97.14(4.33)
u udLior
92.95 (10.06)
Controls 98.89(3.10) 98.09 (2.79) 97.30 (6.79)
Difficult Task
98.28 (4.55)
Session 1 Session 2
GrouD Baseline Distractor Baseline Distractor
Patients 87.45 03.46) 86.51 (14.28) 92.81 (7.76) 88.41 (13.25)
Controls 92.03 (1 1.82) 91.43 (10.90) 92.16 02.20) 90.64 03.27)
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the distractor condition, and in the three-way interaction of group by
condition by session, F(1, 28) = 2.96, MSE = 10.98, p = .10, with patients
showing improvement on the baseline condition during the second session,
while other scores remained relatively stable.
On the difficult task, patients also were not significantly more
distractible than control subjects : F(l, 28) =
.65, MSE = 29.78, p > .42.
However, the two groups did differ significantly with regard to the effect of
practice: F( 1 , 28) = 4.30, MSE = 27.38, p < .05. Patients showed improved
performance in the second session, while scores for control subjects
remained stable. There were also trends in the main effects of condition and
session, with better performance in the baseline condition and in the second
session: F( 1 , 28) = 3.50, MSE = 29.78, p = .07 and F( 1 , 28) = 2.98, MSE = 27.38,
p = .09, respectively for condition and session. Lastly, there was a slight
tendency for subjects to perform better in the baseline condition of the task
during the second session than in other conditions, F(1, 28) = 3.40, MSE =
10.60, p = .08.
Next, level of difficulty was again incorporated as an additional variable,
and another analysis of variance was done with group and a between-subjects
variable and level of difficulty, condition, and session as within-subject
variables. Like the earlier analysis, this analysis revealed a significant main
effect of level of difficulty, F( 1
,
28) = 1 7.84, MSE = 1 25.99, p < .00 1 , and no
significant differences between groups, F(1, 28) = 1.21, MSE = 515.71, p > .10.
But unlike the earlier analysis, the main effect of condition was significant,
F( 1 , 28) = 5.08, MSE = 32.46, p < .04, and the main effect of session was not,
F( 1,28) = .99, MSE = 54.44, p>. 10.
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Again, none of the interactions were statistically significant, including
that of group by condition, F( 1 , 28) = 2.56, MSE = 32.46, p = . 1 2, though the
trend noted earlier in the three-way interaction of group by condition by
session was also present in this analysis: F( 1 , 28) = 2.97, MSE = 14. 1 2, p = 1 o
Looking at the means in Table 3, one can see that across sessions, patients
were slightly more distractible than control subjects. Though still not
statistically significant, these differences became more pronounced during
the second session, when patients showed improved performance in the
baseline condition, whereas performance in the distractor condition and
performance for control subjects was relatively stable.
A final analysis that compared performance using the two different
scoring methods revealed highly significant differences between the two
scoring methods, F ( 1 , 28) = 30. 1 9, MSE = 246.23, p < .0000 1 , with better
performance using the second, less stringent method. In addition, scoring
method interacted significantly with all of the within-subject variables:
scoring by level of difficulty, F(1, 28) = 8.09, MSE = 265. 10, p < .01; scoring
by condition, F( 1
,
28) = 1 3.87, MSE = 1 4.20, p < .001 ; and scoring by session,
F( 1
,
28) = 6.02, MSE = 1 9.85, p < .03. Means for scoring by condition show that
subjects did better in the distractor condition relative to baseline when the
more stringent scoring method was used, and worse when the less stringent
method was used. With regard to difficulty and session, means show that
performance using the more stringent method was more greatly influenced by
manipulating these variables.
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B. Visual Task
1. Scoring
The sorting time and the number of errors for each sort were recorded
for the visual task. Sorting times for patients ranged from 19 seconds to 78
seconds, with the exception of one patient whose longest time was 140
seconds. Sorting times for control subjects ranged from 17 seconds to 78
seconds. Since subjects were instructed to “work as quickly as you can
without making mistakes," few subjects made errors. When subjects made
more than five errors on any sort, they were asked to resort the deck later in
the session. Only two subjects made more than five errors, and each resorted
one deck. The measure of distractibility on this task was the difference
between sorting times in the presence and absence of irrelevant information.
Sorting times for patients ranged from 3 1 seconds slower in the presence of
irrelevant information to 28 seconds faster, with a mean of 2.3 seconds
slower. Sorting times for control subjects ranged from 30 seconds slower in
the presence of irrelevant information to 14 seconds faster, with a mean of
1.29 seconds slower.
2. Data Analysis
As with the auditory task, a mixed design analysis of variance was used.
Again, the between-subjects variable was group, and the within-subjects
variables were level of difficulty, condition, session, and trials within
session. As listed in Appendix C, all main effects were significant: for group,
F(1, 29) = 5.84, MSE = 2201.72, p = 02; for difficulty, F(1, 29) = 42.91, MSE =
307.02, p = .0000; for condition, F(1, 29) = 8.37, MSE = 40.28, p = .007, for
session, F(1, 29) = 10.42, MSE = 319.64, p = .003; and for trials within
43
session, F(l, 29) = 28.08, MSE = 32.39, p = .0000. The means are displayed in
Table 4.
Overall, patients were slower than control subjects, with mean sorting
times of 42.61 seconds and 32.42 seconds, respectively. All subjects were
slower in the distractor condition than the baseline, with means of 38.34
seconds and 36.69 seconds, respectively. All subjects took longer to sort the
more difficult decks, with a mean of 42.67 seconds for the difficult decks and
32.36 seconds for the easy decks. Also, all subjects showed improvement
with repetition of the task; mean sorting time for session 1 was 40.1
1
seconds, for session 2, 34.92 seconds. However, the interaction of group by
condition was not significant in this task, F(1, 29) = .39, MSE = 40.28, p = .54.
Mean sorting times for both groups show that although patients were slower
than control subjects overall, both groups were similarly affected by
distraction.
The interaction of level of difficulty and session was the only
interaction to reach significance: F(l, 29) = 6.21, MSE = 45.41, p < .02, where
subjects showed greater improvement with practice on the more difficult
decks. There were trends in other interactions: condition by trial, F(l, 29) =
3.0 1 , MSE = 1 8. 1 0, p < . 1 0 and condition by trial by session, F( 1 , 29) = 3. 1 2,
MSE = 52.91, p < .09. In both of these interactions, subjects showed greater
improvement with practice in the distractor conditions. Another trend was in
the interaction of group by trial by session, F(l, 29) = 3.43, MSE = 52.91, p <
.08, with control subjects showing the greatest improvement with practice in
the first session,and patients showing the greatest improvement in the
second session.
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Table 4
Visual Task; Mean sorting Times and standard Deviation.;
Group
Session 1
Easy Condition
Baseline
Trial 1 Inal 2
Distractor
Trial 1 Trial 2
Patients 37.45(15.54) 37.79(15.73) 40.38(15.58) 38 60 ( 1474 )
Controls 30.89 (7.40) 27.53 (7.69) 33. 1 4 (8.90) 27.78 (6. 12)
Session 1
Difficult Condition
Baseline Distractor
Group Trial 1 Trial 2 Trial 1 Trial 2
Patients 51.46(19.37) 51.51(28.95) 56.77(27.86) 52.55(27.85)
Controls 39.36 (7.40) 35.72 (7.69) 43.54 (8.90) 37.22 (6. 1 2)
Session 2
Easy Condition
Baseline Distractor
Group Trial 1 Trial 2 Trial 1 Trial 2
Patients 35.58(11.85) 32.26(9.25) 35.50(10.15) 33.26(7.29)
Controls 27.32(7.62) 25.99(7.50) 27.61(7.23) 26.64(6.27)
Session 2
Difficult Condition
Baseline Distractor
Group Trial 1 Trial 2 Trial 1 Trial 2
Patients 45.01(14.59) 41.76(13.13) 47.84(19.43) 43.97(16.02)
Controls 34.63(9.23) 32.77(8.78) 35.41(9.75) 33.20(6.98)
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C. Clinical Data
A last set of analyses was performed to see if there was any
relationship between distractibility in schizophrenic patients and their
clinical state as rated on the BPRS. Linear regressions were calculated using
total BPRS scores as the independent variable and distractibility scores on
each condition of each task as the dependent variables. Overall, there seemed
to be little relationship between the variables. However, on three of the
twelve conditions, clinical state was significantly correlated with
distractibility. These three conditions were: The auditory task, easy
condition, first session, F(1, 12) = 6.12, MSE = 36.64, p = .03; the auditory
task, difficult condition, second session, F(l, 12) = 13.19, MSE = 36.60, p =
.003; and the visual task, difficult condition, second trial of the second
session, F(1, 12) = 5.76, MSE = 42.94, p = .03. In all three conditions, the more
disturbed patients exhibited greater distractibility.
CHAPTER IV
DISCUSSION
In keeping with previously published studies, schizophrenic patients in
this study were significantly more distractible than nonpsychiatric control
subjects on one part of an auditory digit-span task. However, this difference
was not significant when a different method of scoring was used for the same
task, nor were patients significantly more distractible than control subjects
on a visual task that is sensitive to differences in distractibility in adults
and children. There are several possible explanations for these findings. One
is that methodological or procedural flaws in the present study prevented
more findings of significant differences. The most obvious criticism is that
the sample size may have been too small to detect differences between
groups. Evidence against this criticism is that previously published studies
comparing performance of schizophrenic patients and control subjects on
cognitive tasks have found significant differences with as few as twelve
subjects in each group (eg., Oltmanns, 1978), whereas another study by the
same investigator using the same task with a total of 55 subjects failed to
find differences (Oltmanns, Ohayon & Neale, 1978). Most sample sizes in
these types of studies range from 10 to 20 subjects in each group, so the
sample size used in this study is in keeping with previous studies. Given the
size of the differences found in this study between patients and control
subjects, power calculations estimated that approximately 60 subjects per
group would be needed for these differences to be statistically significant
with a power level of .5. For power of .8 , over 100 subjects per group would
be needed. These estimates illustrate that the differences that exist between
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the performance of patients and control subjects on these two measures of
distractibility are minimal.
Other evidence against the possibility that methodological or procedural
flaws were responsible for the results of this study is that when the digit-
span data was analyzed the same way as it had been in earlier studies, the
results were similar to those of the other studies (e.g. Oltmanns, Ohayon &
Neale, 1978). Also, for both tasks the expected main effects were found, so
the data were not completely random and nonsensical. In addition, the
similarity of findings on both tasks supports the notion that the results were
not due to chance or flaws in the study. Thus, if sizeable differences between
schizophrenic patients and nonschizophrenic control subjects exist on these
two measures of distractibility, they should have been detected in this study.
A more likely explanation for the current findings is that distractibility
in schizophrenia is an elusive phenomenon. Other investigators have had
difficulty replicating their own findings of greater distractibility in
schizophrenic patients and have talked about the unreliability of such findings
(Oltmanns & Strauss, unpublished communication, 1988). Unfortunately, the
published literature may be biased in favor of differences between
schizophrenics and nonschizophrenics because of the general tendency to
accept for publication articles that report significant findings and to reject
those that do not. The present study adds to the evidence that greater
distractibility in schizophrenia is a small effect that is not characteristic of
all schizophrenic patients, at least not all the time. Patients in the current
study were considered to be clinically stable on psychotropic medications,
and were ready for discharge. Though weekly ratings of their clinical state
showed that they had been acutely psychotic earlier in their hospital stay,
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these patients were not acutely disturbed at the time of testing. Thus, one
possibility that remains is that greater distractibility characterizes acutely
disturbed patients, but not those in more stable phases of their illness. In
fact, the linear regressions done in this study suggest that under some
conditions, distractibility is related to clinical state. There is also some
evidence that greater distractibility occurs in acutely disturbed patients of
diagnoses other than schizophrenia (Oltmanns, 1978; Green & Walker, 1986,
Harvey, Earle-Boyer & Levinson, 1986).
The finding of greater distractibility in schizophrenic patients in the
easy condition of the digit-span task but not the more difficult was
somewhat puzzling. As mentioned earlier, some studies using this task have
found differences in the difficult condition only (eg. Oltmanns & Neale, 1975),
while others have found differences in the easy condition only (eg. Oltmanns,
Ohayon & Neale, 1978). In the present study, since all subjects tended to do
slightly better in the distractor condition of the difficult task than in the
baseline condition, one possible explanation is that the conditions were not
well-matched. In other words, rather than being equal in difficulty, the
distractor condition may have actually been easier for subjects than the
baseline condition. In any case, the inconsistency in the findings lends
further support to the elusive nature of greater distractibility in
schizophrenic patients.
In addition to being indistinguishable from normals in terms of overall
distractibility, schizophrenic patients responded to other variables affecting
cognitive performance very similarly to normal control subjects. For
example, pattern of performance for schizophrenic patients and normal
control subjects was comparable on both easy and difficult tasks. With
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regard to practice, however, some interesting trends emerged. Although both
groups improved with practice in comparable amounts, the patterns of
improvement differed slightly. On the auditory task, with the less stringent
scoring method, the greatest improvement was shown by patients in the
baseline condition. By the second session, patients were performing just as
well as controls in the baseline condition, though their performance on the
distractor condition was still somewhat worse than normals. Performance
for control subjects in both conditions was relatively stable. One
interpretation of this trend is that patients suffer from a generalized deficit
that impairs their performance slightly on any task, so that they require more
time or practice to reach their optimal level of performance. Over the number
of trials given in the present study, patients may have been able to reach
their peak performance on the baseline condition, but perhaps more practice
is needed for comparable performance on the distractor condition. Further
support for this interpretation may be found on the visual task, where control
subjects showed the greatest improvement during the first session (from
trial 1 to trial 2), whereas patients improved more in the second session
(from trial 2 to trial 3 and trial 3 to trial 4). It is possible that with an even
greater number of trials, we would continue to see improvement in patients,
perhaps until their sorting times are as fast as those of normal control
subjects.
Trends in other interactions suggest that practice has a greater effect
on performance on what may be considered the "more difficult" tasks. For
example there was a tendency for greater improvement with practice in the
more difficult conditions of tasks than in the easier conditions. Also, on the
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visual task, there was a trend for greater improvement with practice in the
distractor condition than the baseline condition.
Given the current findings with regard to practice, it is interesting that
clinical state was found to be significantly related to distractibility in the
later trials of the more difficult conditions. One interpretation is that the
more disturbed patients fail to improve with practice, or show considerably
less improvement. This suggests that there may be a subset of patients who
show a persistent level of distractibility that might differentiate them from
normal subjects and other patients.
The finding that patients and control subjects showed a comparable
amount of improvement overall with practice has some interesting
implications. (Incidentally, at least one other unpublished study (Oltmanns &
Ragin, 1988) reported that performance of schizophrenic patients on the
digit-span task improved over time.) As discussed earlier in the introduction,
current theories about the effect of practice on distractibility fall into two
categories. One category hypothesizes that practice changes the way in which
subjects process irrelevant information. The two main ideas are that
practice may result in habituation to irrelevant stimuli or that it may result
in an active suppression of response to irrelevant stimuli. According to
previous findings that schizophrenic patients do not habituate to stimuli the
way that nonschizophrenic control subjects do (Johnson, 1975; Braff,
Callaway & Naylor, 1977; Braff, Stone, Callaway, Geyer, Blick &Likh, 1978),
we would not expect improved performance on tasks measuring distractibility
if habituation were the means to improvement. Thus, the current finding of
improved performance with practice, along with the earlier studies of
habituation in schizophrenic patients may be seen as providing support for the
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idea that screening out irrelevant stimuli is not just a habituation response,
but that it requires an active suppression of response to the irrelevant
stimuli. However, an alternative possibility would be to question the findings
of the earlier studies of habituation in schizophrenic patients. Also, the
possibility that practice may affect the way in which relevant information is
processed still remains.
Clinically, the improvement in patient performance with practice is
encouraging because of its implications for treatment. Though schizophrenic
patients may start off with poorer performance on cognitive tasks than
nonschizophrenics, their deficits may not necessarily be stable and enduring.
Perhaps some of their generalized deficits may be remediated with practice.
One avenue for future research would be to look more closely at the effects of
practice on the performance of schizophrenic patients using a variety of tasks
on which they show deficits. These studies could address such issues as how
much practice is needed for improved performance, whether performance
levels off at some point, and whether any improvement shown on a particular
task generalizes to other tasks.
Overall, the measure of distractibility that was least susceptible to
practice effects, or the most stable over time, was the digit-span task when
scored by the second, less stringent method. Further investigation of these
different scoring methods may be important in determining which method is
better suited to answering certain types of questions. For example, when
looking for markers of vulnerability to schizophrenia, measures that yield
stable results over time are probably most desirable.
There was no evidence that the visual task used in this study is any
better at detecting attentionai deficits in schizophrenia than the popular
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digit-span task. However, the visual task does seem to be more sensitive to
experimental manipulations, as evidenced by the significant main effects of
such variables as group, condition, task difficulty, and practice.
It is important to emphasize that like most other studies of this type,
the current study used medicated patients as subjects. Though there is some
evidence that medicated patients do better on these types of cognitive tasks
than unmedicated patients (Oltmanns, Ohayon & Neale, 1978), at this point in
time the specific effects of psychotropic medications on cognitive
functioning in schizophrenic patients is unknown. Furthermore, because of
the obvious practical and ethical constraints on withdrawing patients from
medications for research purposes, this problem is not easily resolved.
In retrospect, several changes in this study may have yielded more
interesting results. One possibility would have been to test schizophrenic
patients when they were acutely psychotic, as well as when they were more
stable. This procedure would have provided information about distractibility
in acute schizophrenia and enabled us to compare performance in patients as
their clinical state changed. To extend this line of thinking even further, an
additional group of acutely ill, nonschizophrenic patients could have been
tested as a comparison group to see whether performance of acutely ill
schizophrenic patients differed from performance of other acutely ill
patients—perhaps even those suffering from medical ailments rather than
psychiatric. However, there are many practical drawbacks to procedures that
involve testing patients in acute distress. Another possible improvement
would have been to rate control subjects in the current study using the BPRS,
so that their scores could have been included in the analyses looking at the
relationship between clinical state and distractibility. This procedure would
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have been relatively simple to add and might have provided useful
information.
In summary, although there is a vast literature on attentional deficits in
schizophrenia, results from this study using two different measures of
distractibi 1 i ty failed to find such deficits in schizophrenic patients compared
with a nonpsychiatric control group-except on one condition of one measure.
These results provide further evidence that greater distractibi 1 ity in
schizophrenia may not be a stable, enduring and pervasive characteristic of
the illness. In light of the elusiveness of findings of greater distractibility
in schizophrenic patients and the possibility that other psychiatric groups
exhibit equal distractibility, the movement to use these deficits for
diagnostic purposes or as markers of vulnerability to the illness seems
questionable. Even if a small significant effect had been found, the practical
utility of these cognitive tasks is limited. More research needs to be
conducted to identify more specifically when these attentional deficits
reliably occur and in what types of populations. It would also be useful to
investigate the severity of the deficits and their effects on functioning. Until
more conclusive evidence about attentional deficits in schizophrenia is
gathered, caution and skepticism should be practiced when interpreting
results of these types of studies.
APPENDIX A
Name:
Rater:
Location:
BACKGROUND INFORMATION
Subject *:
Date:
Source of Info:
1. Age: Date of Birth:
2. Sex: DMale 2) Female
3. Marital Status: 1 ) Single 2) Married 3) Separated 4) Widowed
5) Divorced 6) Remarried
4. # of Marriages:
5a. Ethnicity: 1 ) Native American 2) Black 3) Hispanic 4) Asian 5) White
b. Religious Background: 1) Catholic 2) Protestant 3) Jewish 4) Other
6. Highest level of formal education:
7. Occupation:
8. Age when emotional difficulties began:
9. Nature of difficulties:
10.
Age when first consulted mental health professional:
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l !. Outpatient treatments (Include dates, places, type of treatment
symptoms, diagnosis, outcome):
12.
Inpatient treatments (include dates, places, type of treatment,
symptoms, diagnosis, outcome):
13. Number of hospitalizations (including current hospitalization) for
emotional problems:
14. Average length of hospitalization:
15. Family history of emotional problems (include aunts, uncles, cousins,
grandparents, siblings, parents, children) (give symptoms, treatment,
outcome, dates, places)
16. Current meds (name, dosage, frequency):
17. Current DSM-I II -R Diagnosis Axis I:
Axis II:
Axis III
APPENDIX B
ANOVA TABLES: AUDITORY TASK
Scoring Method I. Easy Condition
Source df MS
Mean
1 978880.94 1787.84
.0000
Group
1 904.75 1.65 .2092
Error 28 547.52
Session 1 247.62 4.22 .0494
SG 1 8.24
.14
.7107
Error 28 58.68
Condition 1 12.11
.43 .5192
CG 1 161.15 5.67 .0243
Error 28 28.42
SC 1 .90 .04 .8372
SCG 1 30.04 1.43 .2421
Error 28 21.04
2. Scoring Method I. Difficult Condition
Source df MS F D
Mean 1 77201 1.62 639.01 .0000
Group 1 1579.05 1.31 .2626
Error 28 1208.13
Session 1 272.71 4.33 .0467
SG 1 32.53 .52 .4783
Error 28 62.98
Condition 1 178.95 2.38 .1341
CG 1 8.22 .11 .7434
Error 28 75.17
SC 1 3.02 .09 .7673
SCG 1 15.68 .46 .5017
Error 28 33.85
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^ Scoring Method I. Easy anrt Di fficult ronrtltinrre
Source df MS F
Mean
1 1 722760.64 1 120.21
.0000
Group
1 2437.16 1.56
.2213
Error 28 1557.54
Session 1 520.03 6.43
.0171
SG
1 4.01
.05 .8253
Error 28 80.83
Difficulty 1 6131.92 30.95 .0000
DG 1 46.64
.24 .6313
Error 28 198.12
SD 1
.30
.01 .9320
SDG 1 36.75
.90 .3508
Error 28 40.82
Condition 1 48.98
.81 .3753
CG 1 121.07 2.01 .1676
Error 28 60.33
SC 1 .31 .01 .9139
SCG 1 44.56 1.71 .2012
Error 28 26.02
DC 1 142.08 3.28 .0807
DCG 1 48.29 1.12 .2998
Error 28 43.26
SDC 1 3.62 .13 .7261
SDCG 1 1.16 .04 .8428
Error 28 28.87
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^-Scoring Method n Fa<w rW j TI »n
Source
Mean
1 |
Group
1
Error 28
Session 1
SG
1
Error 28
Condition 1
CG 1
Error 28
SC 1
SCG 1
Error 28
2796.58 10382.09
.0000
408.56
107.18
3.81
.0610
1.82
.05 .8299
26.75
38.60
.69
63.28 2.95 .0971
71.83
21.47
3.35 .0780
.69
.06 .8039
32.49
10.98
2.96
5. Scoring Method II. Difficult Condition
Source df MS F
Mean 1 975855.82 1825.70 .0000
Group 1 229.63 .43 .5175
Error 28 534.51
Session 1 81.61 2.98 .0953
SG 1 1 17.85 4.30 .0473
Error 28 27.38
Condition 1 104.31 3.50 .0718
CG 1 19.49 .65 .4254
Error 28 29.78
SC 1 35.99 3.40 .0760
SCG 1 12.01 1.13 .2962
Error 28 10.60
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Scoring Method ll. Easy and Dimmit
Source df MS F
Mean
1 2086405.37 4045.73
.0000
Group 1 625.39 1.21
.2802
Error 28 515.71
Session i 53.88
.99 .3283
SG 1 128.45 2.36 .1358
Error 28 54.44
Difficulty 1 2247.02 17.84 .0002
DG 1 12.80
.10 .7523
Error 28 125.99
SD 1 29.54 2.56 .1208
SDG 1 16.15 1.40 .2467
Error 28 11.54
Condition 1 165.04 5.08 .0321
CG 1 83.07 2.56 .1209
Error 28 32.46
SC 1 23.32 1.65 .2093
SCG 1 42.00 2.97 .0956
Error 28 14.12
DC 1 2.55 .14 .7154
DCG 1 8.24 .44 .5132
Error 28 18.79
SDC 1 13.36 1.79 .1914
SDCG 1 2.50 .34 .5673
Error 28 7.45
APPENDIX C
ANOVA TABLE: VISUAL TASK
Source df MS F r\
Mean 1 69729847 316.71
H
0000
Group
1 1 2847.67 5.84 .0222
Error 29 2201.72
Session 1 3329.84 10.42 .0031
SG 1 187.98
.59 .4493
Error 29 319.64
Difficulty 1 13175.83 42.91 .0000
DG 1 596.34 1.94 .1740
Error 29 307.02
SD 1 282.10 6.21 .0186
SDG 1 31.50 .69 .4117
Error 29 45.41
Condition 1 337. 11 8.37 .0072
CG 1 15.70 .39 .5373
Error 29 40.28
SC 1 50.16 2.70 .1109
SCG 1 1.78 .10 .7590
Error 29 18.55
DC 1 50.19 1.46 .2360
DCG 1 5.23 .15
Error 29 34.27
SDC 1 .94 .03 .8545
SDCG 1 9.51 .35 .5608
Error 29 27.45
Trial 1 909.40 28.08 .0000
TG 1 22.02 .68 .4164
Error 29 32.39
(Continued, next page)
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ANOVA TABLE: VISUAL TASK (Continued)
Source df MS F n
ST
1 13.34
.25
^
.6194
STG 1 181.21 3.43 .0744
Error 29 52.91
DT 1 25.84 1.63
.21 16
DTG 1
.76
.05 .8277
Error 29 15.84
SDT 1
.21
.01 .9283
SDTG 1 1.39
.05 .8171
Error 29 25.46
CT 1 54.40 3.01 .0936
CTG 1 .76 .04 .8387
Error 29 18.10
SCT 1 64.82 3.12 .0880
SCTG 1 2.28 .11 .7428
Error 29 20.79
DCT 1 13.30 .77 .3870
DCTG 1 2.93 .17 .6830
Error 29 17.24
SDCT 1 .09 .01 .9126
SDCTG 1 .1
1
.02 .9019
Error 29 7.39
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